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The copyright holder for this preprint . http://dx.doi.org/10.1101/437111 doi: bioRxiv preprint first posted online Oct. 7, 2018;  rate of speciation and promoting the transition from polymorphism to monomorphism [2] [3] [4] . Even if there 48 are no fitness differences, genetic drift is expected to remove alternative morphs from a small 49 population 3 . Therefore, the evolutionary processes that maintain colour polymorphisms in some 50 species over long periods are not well understood. This is partly because the genetic basis of 51 pigmentation, especially for non-melanic pigments like carotenoids and psittacofulvins, has only 52 recently been elucidated [5] [6] [7] [8] [9] [10] . 53 Gouldian finch (Erythrura gouldiae) head plumage is a classic example of a Mendelian 54 colour polymorphism in which the morphs co-occur in sympatry. The striking head colour morphs of 55 the Gouldian finch reflect variation in both carotenoid and melanin pigmentation [11] [12] [13] ; a pigmentation 56 locus on the Z chromosome (hereafter the Red locus, with a recessive Z r allele and a less frequent 57 dominant Z R allele) produces melanin-based black (Z r Z r in male, Z r in female) or carotenoid-based red 58 . CC-BY-NC-ND 4.0 International license It is made available under a (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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The copyright holder for this preprint . http://dx.doi.org/10.1101/437111 doi: bioRxiv preprint first posted online Oct. 7, 2018;  Gouldian finch head colour is associated with multiple phenotypic traits (see above Supplementary Fig. 3, Supplementary Dataset 1) . Although neither MOCS2 or FST were 119 differentially expressed between morphs, some genes in this network are known to interact with FST 120 ( Supplementary Fig. 3, Supplementary Dataset 1 We found no differences in the FST protein-coding sequences between black-and red-headed 132 birds, and the amino-acid sequences were conserved between the Gouldian finch and the zebra finch 133 ( Supplementary Fig. 4 ). However, we identified several evolutionarily conserved sites within the core 134 of the Red locus located upstream of FST ( Supplementary Fig. 5 (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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221
The evolutionary history of the black and red haplotypes 222 Balancing selection can maintain polymorphism over extended periods of time, resulting in deeply 223 diverged haplotypes that may be even older than the species in which they reside 56 . In a gene 224 genealogy of the M1 region (see Fig. 1c ) for 14 species in the family Estrildidae, sequence divergence 225 . CC-BY-NC-ND 4.0 International license It is made available under a (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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Methods

295
DNA samples: Blood samples were collected from 161 Gouldian finches (male: n black = 62, n red = 27; batch, a pooled library including 12 additional black males from the same population was constructed 318 using the same protocol but sequenced on an Illumina HiSeq2000 instrument.
319
The quality of the short sequence reads (2 x 100 bp) was checked using FASTQC 320 (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). We cleaned and deduplicated the 321 sequence reads using the process_radtags and clone_filter utility programs from STACKS
74
. We then 322 . (Fig. 1a) . We treated the hemizygous Z-344 chromosome genotypes of females as homozygotes. We corrected for genomic structure among 345 samples using the --within option and the family-wise estimate of the SNP's significance was 346 determined and corrected for multiple testing using the --mperm option (1,000 permutations). . We removed possible variants that had "quality by depth" (QD) of < 2 and "mapping Fig. 1b) . In 384 addition to the locus M1, a multiplex marker set was developed including two allele-specific markers 385 to genotype loci at the edges of the LD block around the Red locus (M2 and M3, Supplementary Table   386 2, Supplementary Fig. 2 ). The same condition as above was used in the PCR, except for an annealing Table 3) . (Fig. 1c) . The coding sequences of follistatin in 16 females were 404 aligned, along with the homologous assembled zebra finch sequence, to examine the differences 405 between species and morphs ( Supplementary Fig. 4 ).
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. Table 6 ) and using the LongRange PCR kit (QIAGEN). When the primer 414 sets originally designed from zebra finch sequences failed to produce long amplicons, we designed 415 new primers using the Gouldian finch sequences obtained from previous sequencing efforts to ensure 416 the failure was not due to mismatching sequences in the primer-binding sites (Supplementary Table   417 6). We confirmed that the long fragments amplified the correct sites by sequencing the boundaries of 418 each long fragment using PCR primers and comparing with the zebra finch reference genome. (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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471
In an additional MiSeq run, we also randomly chose 24 loci (henceforth the 'reference' loci,
472
Supplementary were excluded from calculation of the coancestry matrix ( Supplementary Fig. 6 ).
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